
DOCUMENT RESUME

ED 285 770 SE 048 358

TITLE Summary of Grants, Fiscal Year 1984-86. Research in
Teaching and Learning Program.

INSTITUTION National Science Foundation, Washington, D.C.
Directorate for Science and Engineering Education.

REPORT NO NSF-86-84
PUB DATE Mar 87
NOTE 23p.
PUB TYPE Reports Descriptive (141)

EDRS PRICE MF01/PC01 Plus Postage.
DESCRIPTORS *Elementary School Mathematics; *Elementary School

Science; Elementary Secondary Education; *Federal
Aid; Learning Processes; Mathematics Curriculum;
Mathematics Education; Mathematics Instruction;
*Research Projects; Science and Society; Science
Curriculum; Science Education; Science Instruction;
*Secondary School Mathematics; *Secondary School
Science

IDENTIFIERS Mathematics Education Research; National Science
Foundation; *Science Education Research

ABSTRACT
The Program for Research in Teaching and Learning of

the National Science Foundation (NSF) L.apports basic and applied
research on what NSF considers to be the most significant factors
that underlie effective teaching and learning in science and
rlthematics at all levels. This document provides descriptions of
projects funded during fiscal years 1984-86. Projects include: (1)
teaching and learning in specific subject areas (chemistry, physics,
mathematics, biology, computer science, etc.); (2) the early
development of reasoning and understanding, and the processes by
which students learn to solve problems in logic, mathematics, science
and technology; (3) the acquisition of knowledge and its
representation in specific areas of science and mathematics; (4)
factors that influence the quality and effectiveness of instruction
in science and mathematics and the participation and achievement of
students at various ages; and (5) factors that are influential in the
development and maintenance ox interest, including early development
of motivation and talent in science, mathematics and technology. The
types of research projects likely to be funded in fiscal year 1987
ar-2 also presented. (TW)

***********************************************************************

Reproductions supplied by EDRS are the best that can be made
from the original document.

***********************************************************************



The Foundation welcomes proposals on behalf of all qualified scientists and engineers. and
strongly encourages women and minorities to compete fully in the programs described in this document.

In accordance with Federal statutes and regulations and NSF policies, no person on grounds of
race, color, age., sex. national origin. or physical handicap shall he excluded from participation in
denied the benefits of. or he subject to discrimination under any program or activity receiving financial
assistance from the National Science Foundation.

Catalog of Federal Domestic Assistance Number -17.067; Materials Development. Research and
Informal Science Education.

NSF has TDD (klephonic Device for the Deaf) capability which enables individuals with hearing
impairment to communicate with the Division of Personnel and Managenient for int ormatiGn relating to
NSF programs. employment: or general information. This number IN (202) 357-7492.

The Foundation provides awards for research in the sciences and engineer-ins!, The awarder is
wholly responsible I or the conduct of such research and preparation of the results for publication. The
Foundation. therefore. does not assume responsibility for such findings or their interpretation

COVER: RESEARCH TO UNDERSTAND THE DEVELOPMENT OF CHILDREN'S INTEREST IN SCIENCE
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Research In Teaching and Learning

"The Nation that dramatically and boldly led the
world into the age of technology is failing to provide
its own children with the intellectual tools needed
for the 2Ist century."

Educating Amert«IllA for the 21st Century
The Report of the NSB Commission,

September 1983

The NSB Commission Report emphasized that "early and sub-
stantial exposure to mathematical and scientific concepts and
processes is critical to later achievement" and "essential to truly
equal opportunity and continuing study in these fields." The
report further urged that this be made a high priority for all the
Nation's youth. If the Nation is to achieve these goals, we need
to know what have been, and what are, the barriers to effective
teaching and learning. We need to investigate and understand
these barriers at the individual, family, institutional and societal
levels. We need to use this knowledge in the design of more
effective educational programs. The Program for Research in
Teaching and Learning is one small instrumentality for creating
the knowledge that will assist in this process.

The program supports basic and applied research on the most
significant factors that underlie effective teaching and learning
at all levels. This includes improved knowledge of how interest
and motivation develop in science and mathematics, of how
students learn complex concepts in science and mathematics, of
how they learn to apply these concepts effectively in real prob-
lem solving situations and in making personal decisions, and of
the factors that are most influential in governing their participa-
tion and performance in school science and mathematics
courses.

Scope of the Program in 1985 and 1986

During the past two years the program has included support for
research in such areas as:

teaching and learning in specific subject areas (chemistry,
physics; mathematics, biology, computer science. etc.),

the early development of reasoning and understanding, and
the processes by which students learn to solve problems in
logic, mathematics science and technology:

the acquisition of knowledge and its representation in
specific areas of science and mathematics:

factors that influence the quality and effectiveness of in-
struction in science and mathematics and the participation
and achievement of students at various ages,

factors that are influential in the development and main-
taining of interest, including early development of motiva-
tion and talent, in science, mathematics, and technology.
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Characteristics of the Program

Several projects funded in 1985 and 1986 focus on understand-
ing the early development of children's problem-solving abil-
ities in mathematics and science and will attempt to understand
the influence of pre-established misconceptions on the problem-
solving process. Sonic projects also seek to identify teaching
strategies that are effective in developing problem- solving
ability and examine teacher cogrition including beliefs about
the nature of the subject and the nature of the young learner. An
important feature of these projects is the collaboration of subject
matter experts (mathematicians and scientists) with researchers
from the behavioral and social sciences and education. Many of
these research projects include direct linkages to the develop-
ment of instructional materials for students and teachers and to
the design of informal science education programs.

1985 and 1986 Awards

The research program made 22 awards from FY 1985 funds,
totalling $3.0 million. The pr Jam considered 130 proposals
requesting $37.0 million. The original allocation for the re-
search program was $2.0 million: because several of the projects
had components significant to other programs in the Division
they were jointly funded, bringing the total to $3.0 million.

In 1986, the research program considered 70 proposals and
made 16 new awards, totalling $1.9 million, another $0.8 mil-
lion was devoted to continuing awards, bringing the program's
total to $2.7 million.

Representative projects

A project at the University of Michigan is investigating
individual and situational factors that promote high
motivation and achievement in 4th and 5th grade science
students.

The University of Wisconsin seeks to develop a detailed
picture of first grade teachers' beliefs and cognitive pro-
cesses, the relationships o1' these to instructional behavior,
and the resulting effects on children's learning of mathe-
matics. The results will be used as the basis for instruc-
tional material for teachers.

The Johns Hopkins University is conducting a longitudinal
study of 7th graders who exhibit exceptional reasoning
ability in mathematics. The study will examine the educa-
tional, family background and personality characteristics
of these students in order to develop bett:r ways to predict
and cultivate high achievement in mathematics and
science.

Thc University of Massachusetts working through a
coalition of university researchers and high school physics
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RESEARCG IN TEACHING AND LEARNING

teachers will investigate instructional strategies that are
effective in overcoming difficulties in learning critical
concepts of physics.

A National Academy of Sciences project will examine
strategic policies and will design Academy activities in-
tended to increase the involvement of scientists, mathe-
maticians and engineers in research on the learning and
teaching in their subject matter areas.

Current Funds and Emphasis

The program plans to award approxtinately $3.5 million in 1987
for new projects and for sustaining continuing projects.

To have a meaningful impact, these limited re ources must be
focused on problems of science education that offer the greatest

I-

at

progress and cost-effectiveness. For this reason, the program
continually tries to identify the areas of promise and
significance.

At this time, for example, we have a particular interest in the
relationships between teachers' subject knowledge and compe-
tence and their performance in the classroom. Clearly, this
relationship has great importance to issues of teacher prepara-
tion, classroom materials and the links to in-service traini5,g. We
believe that this is a case where comparatively modest invest-
ment could have major impact on the long-term quality of
science education.

Another important area concerns the effects and significance of
direct experience in the learning process. Both in and out of
school, our experiences set an important cognitive and affective

RESEARCH TO UNDERSTAND THE INFLUENCE OF DOING SCIENCE ACTIVITIES ON YOUNG CHILDREN'S THINKING
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RESEARCH IN TEACHING AND LEARNING

background. Yet there is inadequate understanding of how expe-
riences are internalized and incorporated in more traditional
learning processes. For example, how does coupling first hand
observations with reflective dialogue affect the interest and
engagement of teachers and students and what are the effects on

cognitive development? The significance of understanding such
questions to early hands-on activities in mathematics and sci-
ence, to later laboratory courses, to research participation. and
to issues of participation and performance by women, minorities
and the handicapped. could be substantial.

We strongly urge proposers to develop and test staff reactions to
a preliminary proposal before undertaking the effort and invest-
ment of a formal proposal. More generalized research questions
are often more appropriately addressed by the Foundation's

behavioral sinences research programs. and it is always adx !sa-
ble to explore potential proposal ideas through disLussion or a
letter-of-inquiry to the program staff.

Raymond J. Ilannapel
Program Director

Susan C. MacAdam
Program Secretary

Research in Teaching and Learning
Program

National Science Foundation
Washington, DC 20550

(202) 357-7071

RESEARCH ON TEACHER KNOWLEDGE AND THE TEACHING OF MATHEMATICS
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RESEARCH IN TEACHING AND LEARNING PROGRAM

FY 1984 Awards

John R. Anderson MDR 8318629
CARNEGIE MELLON FY 84 $109,453 (RTL)

UNIVERSITY $328,361 (IS)
Psychology Department (36 mos)
Schenley Park
Pittsburgh, PA 15213

"Structures for Plan-based Tutoring: Applications to
Geometry"

The purpose of this study is to develop a theory of student
problem-solving iii a formal domain such as geometry and to
develop an automated tutoring system to help students acquire
problem-solving skills. The study is designed to test ACT, a
general theory of skill acquisition, and to establish a set of
guidelines for constructing automated tutoring systems.

An explicit simulation of how students use and refine their
knowledge of geometry through problem-solving, specifically
theorem proving, will be developed and tested. Protocols will be
gathered from high school students doing proofs in an automated
theorem-proving environment. Models of students' knowledge
will be constructed based on their performance. Changes in
these student models will then he used to measure the students'
learning. The current development of an intelligent computer-
assisted instructional system for tutoring students in geometry
theorem-proving will continue. Instructional strategies based on
student performance and the learning theory will be tested.

The outcome of this research will be: (a) a better understanding
of how skills are acquired and organized, (h) a detailed model IA
the information processing involved in geometry: (c) a pro-
cedure for applying theories of learning to the design of tutorial
programs: and (d) a clearer idea of the issues involved in
intelligent computer-assisted instruction.

James T. Fey
UNIVERSITY OF MARYLAND
Department of Mathematics
College Park; MD 20742

MDR 8470173
FY 84 $114,296 (ANT)
$342,203 (RTL)
(30 mos)

"Effects of Computer-Based Curricula in School
Algebra"

The numeric, .iymbolic, and graphic information processing
capabilities of computers are now widely available as tools for
mathematical problem-solving. Thus, it is essential to re-exam-
ine the content and organization of traditional school mathe-
matics courses so that they reflect the new realities of what
students can and should learn. The proposed research focuses on

the impact of computing in algebra and its implications for
change in the secondary school curriculum. A series of experi-
mental curriculum modules will be developed, tested in algebra
classes, and carefully evaluated to determine feasibility of cur-
ricula which use computers as basic tools to: (I) develop stu-
dents' understanding of algebra concept and their ability to solve
problems requiring algebra before they master conventional
manipulative skills, (2) make the concept of function a central
organizing theme for theory, problem-solving and technique in
algebra.

Thomas R. Post MDR 8470077
Department of Curriculum and FY 84 $71):,325

Instruction 24 mos)
UNIVERSITY OF MINNESOTAA
Peik Hall
Minneapolis, MN 55455

Co-P.Is:

Merlyn J Behr
NORTHERN ILLINOIS

UNIVERSITY
DeKalb, IL 60115

Richard Lesh
WICAT
Orem, UT 84057

"The Role of Rational Number Concepts in the
Development of Propo-rtiLnal Reasoning Skills"

This project will examine the rational number related processes
and skills used by junior high students as they develop the ability
to reason proportionally. It builds directly upon a productive
program of collaborative research involving these investigators
begun in 1979 with the Rational Number Project and will
continue to develop a theoretical model that addresses represen-
tational modes of mathematical concepts. This multi-site project
will develop and test both instructional and evaluative materials,
some of which will be microcomputer based. These materials
will he used as a basis for teacher training and also for a series of
large group (experimental) and small group (clinical)
investigations

Specifically, this project will

I. Id. ntify cognitive and knowledge relatioOtip between
rat! anal number understanding and proportional reason-
ing tasks.

7
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2 Develop instructional and evaluation materials for this
investigation, and adapt segments of these materials to the
microcomputer

3 Conduct teacher education sessions about the issues con-
cerning children's proportional reasoning ability and the
use of project materials for research information

4. Conduct teaching experiments with small group and ex-
perimental studies with classroom size groups to investi-
gate effects of' knowledge of' specific identified rational
number concepts on children's ability to acquire propor-
tional reasoning ability.

The project addresses an important conceptual area: the attain-
ment of'proportional reasoning ability is a critical prerequisite to
further study of mathematics. science and engineering and to the
basic understanding of' scientific phenomena.

Lillian C McDermott

Co-P.1:

Emily van Zee
Department of Physics
UNIVERSITY OF

WASH I NGTON

Seattle. WA 98195
206/543-8692

MDR 8470081
FY 84 $820,320

"Applying the Results of Physics Education
Research to Teacher Preparation: Development of
Instructional Materials and a Model Program"

In order to make scientific concepts meaningful to precollege
students, the teacher needs to have a solid grasp of the underly-
ing conceptual structure of physics as well as the reasoning that
has led to the building of this structure. Typical courses taken in
college physics and engineering departments do not emphasize
this qualitative understanding Involvement of teachers in the
development of' the new materials is an essential element of the
plan

This project will develop instructional materials for precollege
teachers that incorporate findings from 1-,::,earch on the learning
of science and mathematics Specific conceptual and reasoning
difficulties encountered in the study of physics will he addressed
by developing three in-depth modules covering mechanics.
electricity and magnetism, and optics. A mode: teacher educa-
tion program will also he developed to demonstrate ways in
which science departments can help improve the ability of
precollege teachers to teach science.
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The Physics Education Group in the Department of Physics at
the University of Washington has already had considerable
experience in developing curricula base on research into student

conceptual difficulties. They are widely recognized for their
past contributions of very high quality materials for science
education.

Thomas L. Hilton MDR 8409199
EDUCATIONAL 'TESTING FY 84 $67,980

SERVICE ( 12 nos)
Princeton. NJ 08541 Funded jointly with
609/921-9000 x 5784 BNS, Sociology

Program

"Precollege Origins of Careers in Science and
Engineering"

As the National Science Board Commission on Precollege Edu-
cation in Mathematics. Science, and Technology stated in a

recent report, "far too many emerge from the Nation's elemen-
tary and secondary schools with inadequate grounding in mathe-

matics. science and technology." A key to understanding this
serious national problem is to discover what influences high
school students to choose careers in science and engineering.
The choosing of science and mathematics can have a profound
effect on subsequent determinants of' choosing science and
engineering careers by means of a statistical analysis of a large
and detailed data base on high schools and high school students.

The High School and Beyond (HS&B) survey is a national
longitudinal study of high school sophomores and seniors of
1980, which was sponsored by the National Center for Educa-
tion Statistics Approximately 30,000 high school sophomores
completed a long 4uestionnaire in 1980 and then a second
questionnaire in 1982. At each time a short battery of cognitive
tests was given and after graduationo transcripts of the high
school records of one-half the sample members were obtained
and added to the HS &B data set. This data set is unasual in its
national representativeness and its inclusion of data regarding
high schools, teachers.. student attitudes, student abilities, and
the actual formal record of courses taken and grades received.

The HS&B data will he used to test specific research hypotheses
derived from career development literature and from intensive
additional interviews to be conducted with a small sample of
current high schoolers In particular. the effect of enrolling in
certain subjects and of success or failure in these subjects on
changes in career choice f rom the ophomore to senior year will
he tested. The differential effects for males and females and for
members of ethnic Minority groups will also he examined.



Camilla P. Benbow
Department of Psychology
IOWA STATE UNIVERSITY
Ames, IA 50011
515/294-1742

FY 1985 Awards

MDR 8470387
FY 85 $143,011
(12 months)
FY 86 $166,567

"A Longitudinal Study of the Educational Patterns of
High Achievers in the sciences"

The Johns Hopkins Study of Mathematically Precocious Youth
(SMPY) has identified roughly 10,0(X) preadolescent boys and
girls (mostly 7th-graders) who reason exceptionally well mathe-
matically, and have an exceptional potential for high achieve-
ment in mathematics and sciences. Since its initiation in 1971,
the study has conducted a wide range of tutoring, counseling
and other activities that help students to realize this potential.

In the current research, factors assouated with becoming high
academic achievers by the end of college will he identified.
SMPY has extensive questionnaires completed by these stu-
dents at age 12, when they had Just entered college. and (in
progress) a year past expected college graduation. The study
will document the educational, familial background, and per-
sonality characteristics of these mathematically talented stu-
dents. Variables that predict high academic achievement will be
used to construct a quantitative model for achievement in mathe-
matics and sciences, and the effects of the chosen variables on
mathematics and science achievement will l,o he studied.
Possible explanations for and consequences of dramatic sex
differences that have been observed will also he investigated.

Phyllis C. Blumenfeld
Department of Education
UNIVERSITY OF MICHIGAN
Ann Arbor, MI 48109
313/763-6101

Co-P.1.:

MDR 8550437
FY 85 $109.622
FY 86 $ 35,339
(12 month,)

Judith L. Meece
Department of Education
UNIVERSIl Y OF NORTH

CAROLINA-CHAPEL, HILL
Chapel Hill, NC 27514

"Mastery Orientation Toward Learning Science in
Elementary Schools"

This study will examine the effects of tasks, teacher behavior
and individual characteristics on students' motivation to master
cognitively complex science material. Hie Principal Inves-
tigators plan to:
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select 10 well-managed 4th and 5th grade classrooms
taught by experienced science teachers,

identify children with different orientation toward
achievement.

select three science units which require critical thinking;
but where the tasks vary in their format and social
organization.

observe and detail teacher and student behavior during
these units,

survey and interview children following observations to
explore their perceptions of task deiran expectations for

performanLe, learning strategies, and understanding of the

lesson.

The data from student interviews, teacher questionnaires. and
classroom observations will he used to characterize the learning
orientation of students. The research design will allow a com-
parison of the reactions of individual students, both within a
classroom and to similar tasks across classrooms In this man-
ner, the investigators plan to identify the individual and situa-

tional factors that promote development of a mastery orientation

toward science learning.

The results will he disseminated through packaged materials,
workshops and conference presentations given at local, regional

and national levels.

John J Clement
Department of Physics and

Astronomy
UNIVERSITY OF

MASSACHUSETTS
Amherst,. MA 01003
413/545-0988

MDR 8470579
FY 85 $314,379
(36 months)

"An Investigation of Methods for Overcoming
Conceptual Difficulties in Science"

Recent research has identified a large number of misconceptions
held by science students (particularly in mechanics), which
seriously interfere with their ability to learn more advanced
concepts. Many of these misconceptions are present prior to
instruction and are exceedingly difficult to change during in-
struction. For example, many students believe that an inanimate
object which supports another object is not exerting an upward
force, and many others believe that a projectile thrown upward is
driven upward by a force even after it leaves the thrower's hand.

Man) of these common misconceptions are so deep-seated that
they still persist after a long-term physics course is completed.
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Thus, they present an important long -terns ban ier to under-
standing A few innovative teaching attempts have been reported
with varying degrees of success, but the inconsistency of the
results indicates how little is really understood about the nature
of these misconceptions.

This project will conduct an intensive investigation of teaching
strategies for several specific high school level physics miscon-
ceptions in an attempt to develop a general theory of instruction.
The studies will use group testing and individual interviews.
Innovative instructional methods will he developed and tested in
a large group setting in order to provide a detailed analysis of the
effects of these methods.

Building a national coalition of researchers and interested high
school physics teachers working together to explore innovative
teaching methods for physics is a key feature of the project. The
project will result in the definition of one or more general
teaching methods for dealing with misconceptions in physics
with possible applications to other areas of science and mathe-
matics. This type of research and development project is a

fundamental step toward the production of effective new course
materials and software for students and teachers.

Elizabeth Fennema
Department of Curriculum &

Instruction
225 North Mills Street
UNIVERSITY OF WISCONSIN-

MADISON

Co-P.I s

Thomas P Caipenter,
Penelope Peterson

Department of Educational
Psychology

446 Peterson Building
UNIVERSITY OF WISCONSIN-

MADISON
Madison, WI 53706
608/263-4200

MDR 8550236
FY 85 $231,843
(12 months;
FY 86 $299,866
FY 87 $199.951
FY 88 $173,254

"Studies of the Application of Cognitive and
Instructional Science to Mathematics Instruction"

This project will explore the application of instructional and
cognitive science to the effective teaching of higher cognitive
mathematics skills.

A series of integrated studies will examine the relationship of
teachers' cognitions and beliefs, mathematics instruction in
first-grade classrooms, and childn. 's learning of addition and
subtraction skills, concepts and word problems. The research
methodologies will include individual interviews/semantic
analysis of word problems. "thinking aloud" and process-
product observational techniques.
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Two s:udies during the first year will provide information on
teachers' cognitions and beliefs. Instructional materials for
teachers will also be developed during Year I. to increase the
teachers' knowledge so that they can create their o A n curricu-
lum. The teacher materials will include exemplary activities,
ass, ssment procedures, classroom organizational plans., etc'.;
that teachers can both critique and use as models.

During the second year. an in-depth instructional study w
include formal and informal observations of 15-25 first grade
teachers Students' classroom behavior and teachers' instruc-
tional behavior will he observed in order to develop a detailed
picture of teachers' beliefs and cognitive processes, the rela-
tionships of the,e to instructional behavior, and the effect of
instructional behavior on children's cognitive processes and
learning of mathematics.

During Year III. the investigators will evaluate the effect of the
curriculum on the children as they progress to second grade.
intensively study the more effective teachers from Year II by
clinical procedures and revise the teacher education materials.
During Year IV, the focus will be on analyses of research results.
and on publication and dissemination.

Fred M. Goldberg
Department of Natural
SAN DIEGO STATE

UNIVERSITY
San Diego. CA 92182
619/265-5157

MDR 8470449
Science FY 85 $176,700

(28 months)

"Empirical Investigation of Difficulties in
Understanding Optics, Kinematics. and Heat and
Temperature Among Precollege Teachers"

Often students bring with them into their college physics and
physical science courses preestablished beliefs about physical
phenomena which are at odds with correct scientific principles.
These "alternative conceptions can contribute great difficulty
to students who are struggling to learn physics. This project will

investigate such alternative conceptions; held by inservice ele-
mentary and middle school teachers and by preservice teachers
before formal instruction in their college science courses.

These investigators will then examine sonic of the difficulties
that such preservice teachers have in under,tanding physics
during formal instruction. The research will he carried out in the
content areas of optics, kinematics, and heat and temperature.
The primary data source will be the "individual demonstration
interview." in which the student is asked to make predictions
and give explanations for a variety of tasks involving real
apparatus. Once information is obtained from the interviews
about the nature of specific difficulties, their prevalence will be
determined by administering questionnaires to class-size
groups. This project will f.;so develop and use three computer

10
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simulation /video tape programs to gather information from indi-
vidual students.

The results of this research will he disseminated through pub-
lications, through presentation at professional meetings and
through workshop materials for college and high school teachers
to he developed by the principal Investigator.

David A. Goslin MDR 8470489
NATIONAL ACADEMY OF FY 85 $131,620

SCIENCES (12 months)
National Research Council
2101 Constitution Avenue, NW
Washington, DC 20418

"Involving Scientists, Mathematicians and
Engineers in Research in Education"

The National Academy of Sciences/National Research Council
has established a major new Committee on Research on Mathe-
matics, Science, and Technology Education, chaired by James
G. March, Stanford University, and composed of a diverse
group of distinguished behavioral and social scientists, educa-
tional researchers, and representatives of engineering and the
physical, mathematical; and biological sciences Over the next
several years, the committee will :..xplore, in-depth, a range of
issues and topics generated by the committee and Its sponsors
leading to the development of recommendations for research
that will contribute to the improvement of precollege education
in mathematics, science and technology education. Currently,
the committee has support from the National Institute of Educa-
tion, the Carnegie Corporation and the W. T. Grant Foundation.

This project will develop strategic policies and Academy ac-
tivities intended to increase the involvement of scientists, math-
ematicians and engineers in research on the learning and teach-
ing of their subject matter. In the, project, the committee will
address the issue of encouraging the needed collaborative re-
search and the recruitment of outstanding talent in two ways.

First, the committee will identify potentially useful strategies
for generating interdisciplinary research and the conditions un-
der which these strategies might be successful for research on
mathematics and science education. The outcome of this part of
the Committee's work is intended to be a strategic plan for NSF
and other agencies that support scientific and educational re-
search a plan that could guide the development of programs
fostering collaborative work of high quality and establishing
interdisciplinary research in science and mathematics education
as an important field of inquiry.

Second, the committee IA ill explore ways in w hich the Academy

itself can assist in strengthening the field. In particular, the

11

committee plans to investigate the possibility of holding a
National Academy of Sciences colloquium on interdisciplinary
research in science and mathematics education. The major ob-
jectives of the colloquium would he to integrate the results that
collaborative research has yielded already and, more impor-
tantly, to define the field and stimulate a greatly increased level
of activity. The committee will develop a detailed plan for the
colloquium, including an agenda, a list of key speakers and
possible topics, and a general invitation list as the outcome of
this second part.

Susan Gross

Co-PI

Sue E. Berryman
(RAND CORPORATION)
MONTGOMERY COUNTY

PUBLIC SCHOOLS
850 Hungerford Drive
Rockville, MD 20850
301/279-3845

MDR 8470384
FY 85 $125,455
(18 months)

"An Investigation of the Factors Related to
Mathematics Course Enrollment for Senior High
School Students"

The Montgomery County Public School System will analyze
the processes which lead to differential enrollment in mathe-
matics courses at the high school level, focusing on factors
affecting women and minority students.

The study has the following major objectives. I) to create a
longitudinal mathematics course enrollment model for Grades
K-12 and to identify within the model the key decision points
leading to participation in higher-level mathematics courses; 2)
to identify and describe school and societal factors at these
decision points contributing directly to mathematics course en-
rollment choices; 3) to develop models describing the factors
affecting the high-level mathematics course enroll ment of
women and minorities with the goal of defining the ways in
which the processes governing the choices of these traditionally
underrepresented groups are the same or different, and 4)to
provide, where possible, the poky impliLations of the research
and suggest alternatives or solutions which su.00ls might wish
to explore in increasing the enrollment of women and minorities
in mathematics.

The study will employ a combi.lation of data collection and
analysis techniques, using both record data availt.ble from cen-
tral files and specially developed interview instruments. Over-
lapping cross-sectional u)horts of students IA ill be used to build
a longitudinal picture of processes operating in grades K- I 2.

9
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Douglas A. Grouws

Co-RI..

Thomas L. Good
Department of Curriculum and

Instruction
UNIVERSITY OF MISSOURI

COLUMBIA
212 Education Building
Columbia, MO 6521 I
314/882-6572

MDR 8470265
FY 85 $178,746
(36 months)

"Naturalistic and Experimental Study of
Mathematical Problem Solving in Secondary
Schools"

This research focuses on the identification of teaching behavior
that facilitates the acquisition of problem-solving ability by high
school students. In years one and two, teachers who are par-
ticularly adept and stable in generating large problem-solving
gains from one year to the next are identified tr: administering
beginning and end of year problem-solving tests to their stu-
dents. Teachers are regularly observed and interviewed
throughout the school year to ascertain their teaching behavior,
beliefs, attitudes, and conceptualizations. Especially effective
teachers are intensively studied in year two

During year three, the investigators will experimentally test the
question: Do teachers who modify their inst-uctional behavior to
more closely conform to the teaching profile of the effective
problem-solving teachers generate larger pupil problem-solving
gains than do control teachers who continue to teach in their
usual ways?

Previous research has tended to focus on how the learner ac-

quires problem-solving ability and this is then integrated into
classroom problem-solving programs. The current research
studies the teacher directly and thus begins work on an impor-
tant but pr:viously neglected factor in the aquisition of student
problem-solving ability The research will contribute to our
understanding of teacher effectiveness and to the larger goal of
improving student learning in the key area of mathematics
problem solving.

10

Frank K. Lester
Department of Curriculum and

Instruction
309 School of Education
INDIANA UNIVERSITY -

BLOOMINGTON
Bloomington. IN 47405
812/335-0860

MDR 8550346
FY 85 $69.455
(12 months)
FY 87 ¶620)7

"Role of Metacognition in Mathematical Problem
Solving"

Among recent research on memory and cognitive development,
there is a growing interest in phenomena referred to as metar,,g-
ninon. This basically consists of two components: cognitive
self-awareness and behavior regulation. Such research has
largely been the done: in of developmental psychologists, read-
ing specialists and special education researchers. Only recently
have members of the mathematics education community be-
come interested in the role of metacognitton in mathematical
performance. This study will investigate the metacognitive be-
havior of sixth grade students working on arithmetic computa-
tion and verbal problems.

The metacognitive behaviors will be examined through the use
of paper-and-pencil tests, individual interviews and paired inter-
views. The investigation will also include an instructional treat-
ment component designed to engage students in metacognitive
activities during problem solving. The proposed study will.

I. design, collect and pilot-test suitable mathematics
problems:

2 conduct clinical interviews, observe student problem
solving;

3. develop and present instructional treatments; and

4 analyse students' performance and report results

The results of this investigation should give insights on how to
incorporate a metaLogrume dimension into problem solving
instruction.

12
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David P. Malone)
2500 California Street
CREIGHTON UNIVERSITY
Omaha, NE 68178
402/280-2135

MDR 8410567
hY 85 $93.022
(36 months)

"Investigation of Student Strategies in Physics"

This project is a detailed investigation of the strategies employed
by students to make predictions about the behavior of physical
systems. The students will wol k paper-and -cil task sets on
physical systems from the following topic I) Action of
gravity on objects, 2) Conservation of energy, 3) Projectile
motion, 4) Kinematics and dynamics of rotational motion, and
5) Standing and flowing liquids. The task sets are rule-assess-
ment materials (S:egler. 1976) which allow for the identification
of the strategy, also called a rule, that a subject uses to solve the
problems

The project has three phases. The Iit'st will look for patterns of
strategies used in etic!, of the topic areas among undergraduate
students not enrolled in any physics courses. The second phase
will look for changes in patterns of usage across age. Subjects
will be students from grades 7-12.

The third phase will be an investigation of the interaction be-
tween initial strategy and feedback about the actual behavior of
the system. The feedback will be in the form of direct observa-
tion of arrangements from the pretest.

This will allow the subjects to check the accuracy to their
predictions. Subjects will then take immediate and delayed - two

or three months posttests to determine immediate ..nd long-
term alteration in their strategies.

Doug la, B. McLeod
Department of Mathematics
WASHINGTON STATE

UNIVERSITY
Pullman, WA 99164

MDR 8550350
FY 85 $83,173
(12 months)
FY 86 $160.437
FY 87 $ 82,357

"Mathematical Problem Solving: Affective
Influences on Cognitive Processes"

Research on mathenthti al problem solving has made substan-
tial progress in characterizing the cogritive processe, that are
important to successful performance However, the inflf,:nce of
affective factors on these cognitive processes has .t to be
studied in detail. The purpose of this project is to inN,,stigate the
affective factors that help or hinder performance in mathe-
matical problem solving.

13

The major activities of the project include the development of a
thenretical framework for affective factors in problem solving.
the gathering of empirical data in both laboratory and classroom
settings to provide a preliminary test of the theory. and dis-
semination of the results to both researchers and practitioners.

The theoretical development will be guided by an interdisciplin-
ary team including cognitive scientists and mathematicians., as
well as mathematics education researchers and practitioners.
This group will meet first to discuss related ilicnry (especially
that of Mandler) and to outline a series of empirical studies. A
year later they will meet again to discuss the results of the
studies, to tailor the theoretical ideas to meet the needs of
mathematical problem solving, and to disseminate the results to
both researchers and practitioners.

Linda A. Meyer
Center for the Study of Reading
217/333-7622

Co-P. I:

Robert L. Linn
Department of Educational

Psychology
UNIVERSITY OF ILLINOIS-

URBANA
51 Gerty Drive
Champaign, IL 61820
217/333-2245

MDR 8550320
FY 85 $84,968
(12 months)
FY 86 $90,927
FY 87 $97,390

"A Longitudinal Study of the Acquisition of Science
Concepts in Elementary School"

The proposed research has these objectives: I) to track t tudents'
acquisition of scientific concepts from their home and school
environments from kindergarten through fifth grade. .`) to as-
sess students' knowledge and reasoning in several scientific
subject areas, and 3) to analyze data from the home environ-
ment, textbooks, and classroom instruction in order to produce a
causal irndel of how students acquire science corcepts.

This study will run in tandem with a study funded by the Center
for the Study of Reading on how students learn to comprehend
science text. The work will he conducted with approximately
1,000 students form four school districts. Funding from the
National Science Foundation will he used to revise and admin-
ister parent questionnaires and student diary procedures, ana-
lyze science textbooks. observe science instruction, code stu-
dent work, develop, pilot and administer new science measures,
and analyze the data.

11
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Sidney L. Rachlin
Curriculum Research and

Development Group
UNIVERSITY OF HAWAII

MANOA
2444 Dole Street
Honolulu, HI 96822
808/254-5088

MDR 8470273
FY 85 $182,857
(36 months)

"Developing Thought Processes in Elementary
Algebra"

Even when the curriculum seems excellent and teachers are

skilled, an alarming number of students still have problems in
learning and retaining the content of elementary algebra. Why?
The hu,ich to be tested in this research is that for many students,
the learning of algebra requires problem-solving processes that
are generally not developed in their prior learning of mathe-
matics. These include the ability to perceive what is mathe-
matically important in a given algebraic task, to reverse the flow
of thinking used in solving the task, and to flexibly consider
alternative ways of solving the task.

The hypothesis will be tested through clinical methodologies
which bring together researchers, evaluators, and classroom
teachers to develop a model for instruction. Teaching experi-
ments will be conducted with three elementary algebra classes.

Clinical interviews will examine the development of the thought
processes of above-average, average and below-average stu-
dents as they "think aloud" while solving interview problems,
sample homework problems, and problems from the day 's
lessons. Videotapes of these interviews will he analyzed daily
by tht, researchers and teachers to guide the flow of instruction,
and results from previous research will be used to provide
normative data for evaluating the development of students'
thought processes.

Frederick Reif
415/642-1210

Alan Schoenfeld
School of Education
UNIVERSITY OF CALIFORNIA-

BERKELEY
Berkeley, CA 94720
415/642-4206

MDR 8550332
FY 85 $578,109
(20 months)
FY 87 $613,995

"Principled Teaching of Scientific and Mathematical
Concepts"

This research aims to develop scientific and mathematical con-
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cepts through collaboration of experts in physics, mathematics,
and cognitive science The approach is based on an analysis of
the underlying knowledge components and thought processes
required to apply scientific or mathematical concepts and a
comparative analysis of the thought patterns of novice students.

The investigators aim to teach separately, and then to integrate,
each of the identified knowledge components (e.g . explicit
interpretation procedures, intuitive knowledge, symbolic aids,
error-prevention measures, meta-cognitive knowledge).

Observations of individual students under well-controlled con-
ditions, which include employing detailed computer imple-
mented teaching programs, will be used to study and refine
hypotheses about the importance of the 1 nowledge components
and teaching sequence. The work should lead to effective meth-
ods for teaching scientific and mathematical concepts.

James A. Shymansky
Science Education Center
UNIVERSITY OF IOWA
450 Van Allen Hall
Iowa City, IA 52242
319/353-3600

s.k

MDR 8550470
FY 85 $31,395
(12 months)

"A Study of Uncertainties in the Meta-Analysis of
Research on the Effectiveness of New Science
Curricula"

In 1981, a meta-:1;ialysis of research in science education was
completed by a team of researchers under NSF Grant SED
80-12310. Individual teams synthesized the extant research
using procedures developed by Glass (1976). One of these
syetheses showed that the post-Sputnik or "new" science pro-
grams, on the whole, produced very positive gains in student
performance (Shymansky, Kyle, and Alport, JRST 1983).

Statisticians, however, have questioned the integrity of such
results because standard procedures fail to take into account the
error associated with the sample estimation of the effect size. It
is argued that when a set of different effect sizes are pooled
across studies, the means most properly should be computed
using weighting factor; associated with the precision of the
effect size values (Hedges, 1982).

The current research project will repeat the research analysis
using these procedures as proposed by Hedges. The results
should provide more reliable information on the actual effec-
tiveness of the post-Sputnik science curricula and help to estab-
lish clearer guidelines regarding the application of meta-analy-
sis to such questions.
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Judith E. Sims-Knight
Department of Psychology

Co-R.

James J Kaput
Department of Mathematics
SOUTHEASTERN

MASSACHUSETTS
UNI VERSITY

North Dartmouth, MA 02747
617/999-8382

MDR 8410316
FY 85 $1 13,791
(12 months)
FY 86 $ 55,510
FY 87 $ 61,500

"Teaching Students to Use Mathematics:
Eliminating Errors in Mapping from Natural
Representational Systems to the Abstract Symbol
Systems of Mathematics"

The overall goal of this research project is to understand w by
students have difficulty solving algebraic word problems and to
investigate instructional materials that are effective in remedy-
ing these difficulties.

In previous research, the principal investigators have I) identi-
fied several component skills related to performance on a par-
ticular subclass of algebraic word problems that require students
to translate problem Lontent into algebraic form, and 2) have
developed techniques to help students develop these component
skills. In the current study, the principal investigators win
conduct teaching experiments to explore whether the specific
component skills arc necessary and sufficient to overcome the
rroblem-solving difficulties

Three computerized modules for teaching , leriying skills will
be developed (one in algebraic transformations, a second in
nonalgebraic transformations, and a third in algebraic sym-
bolization). Their effectiveness will be tested with high school
students of varying mathematical abilities. By analyzing Jata on
individual measures and on the experimental procedure, the
investigators will examine how individual differences in mathe-
matical ability and learning experiences interact in their influ-
ence on problem solving. The results of these analyses are
particularly relevant to the practical issue of how best to provide
the experiences necessary for otherwise competent students to
develop problem-solving skills essential for succeeding in math-
ematics courses.

Larry K Sowder
Department of Matht,.... tical

Sciences
SAN DIEGO STATE

UNIVERSITY
San Diego, CA 92181
619/265-6191

MDR 8550169
FY 85 $60,98t,
(12 months)
FY 86 $47,916

"Concept-Driven Strategies for Solving Story
Problems in Mathematics"

Recent work suggests that many children attempt to solve rou-
tine mathematical story problems with strategies that are not
based on an understanding of the arithmetic operations Al-
though these immature strategies may lead to success on many
one-step story problems with whole numbers, use or such strat-
egies with multi-step problems or story problems involving
fractions or decimals is unlikely to give correct solutions

The proposed work will gather rilore evidence on the strategies
children use in solving story problems and their understanding
of the arithmetic operations. In addition, instructional materials

Imh foster a more mature, meaning-driven strategy will be
designed and field testeJ Methodologies will include group
testing, individual interviews exammati in of textbooks, teach-
ing ex, nments, and te..ting of materials in approximately twen-
ty sixth-grade classrooms

Leslie P. Steffe
UNIVERSITY OF GEORGIA
Athens, GA 30602
404/542-4194

MDR 8550463
FY 85 $152,912
(24 months)

"Child Generated Multiplying and Dividing
Algorithms: A Teaching Experiment"

The primary purpose of this project is to map child generated
multiplying and dividing algorithms as they are elaborated by
children. This first part of the work has two aspects. First, the
principal investigators will specify the multiplying and dividing
algorithms that are indicated by the mathematical behavior of
children. Second, they will vecify the step-bystep eonstruction
of these algorithms.

A second purpose of the project is to specify the pedagogical
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implications of these child generated algorithms for school
mathematics instruction. "Toward this end, these investigators
will elaborate their teaching strategies and will develop written
materials for teachers. The primary methodological tool is the
constructivist teaching experiment. With six eight-year old chil-
dren as subjects, the investigators will conduct a two-year
teaching experiment, each consisting of three series of sequen-
tial teaching episodes one series in the fall, one in the winter,
and one in the spring Each series will be of four weeks duration
and will consist of a sequence of 32 teaching episodes, eight per
child.

Video tapes of each episode constitute the priniwy data base that
will he intensively analyzed in the specification of multiplying
and dividing algorithms and their progressive construction by
the children The investigators contend that specification of
these algorithms and of their development can provide powerful
guidelines for the teacher who seeks more effective teaching
methods.

James H. Stewart

Department of Curriculum and
Instruction

UNIVERSITY OF WISCONSIN,
MADISON

750 University Avenue
Madison. WI 53706
608/263-4638

..!DR 8470277
FY 85 5130,901
(18 months)

"Problem Solving in High School Genetics:
Microcomputers and ReafIatic Problems"

This research will explore the effects of a combination of micro-
computers and information processing psychology on issues
related to teaching, learning, and problem solving by high school
students in the subject area of transmission genetics. The prob-
lem solving behavior of high school students and teachers will
be studied using the strategic computer simulation,
BUGCROSS.

Data will he gathered on these two groups as they "think aloud"
while solving problems genei ited by BUGCROSS. The study is
part of a larger, on-going research program on learning and
problem solving in genetics The .over?!! ,Iirns of this program
are I) understanding of the primarily algorithmic procedures
and conceptual knowledge that high school students use to solve
typical textbook problems in genetics (This aspect has been
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completed with support provided under NSF grant SED
80-22912 ), 2) development of classroom materials and pro-
cedures to promote meaningful learning and problem solving: 3)
development of a model of desired performance in transmission

genetics through the study of expert performance on similar
problems as well as an analysis of the structure of knowledge
(declarative and procedural) in transmission genetics; 4) Je-
velopment of a model of high school student (novice) perform-
ance on problems generated by BUGCROSS, and 5) the de-
velopment of a model of instruction in transmission genetics.

This research is ignificant to theoretical issues in problem
solving as well as to practice in genetics education. It will help to
provide a detailed understanding of how high school students
and their teachers solve the realistic problems presented by
BUGCROSS, and should also apply to the teaching of genetics
ia introductory college courses, since the content and the hack -
ground of both groups of students are similar.

J. Nathan Swift

Co-P.I:

C. Thomas Gooding
Department of Secondary

Education
SUNY COLLEGE AT OSWEGO
Oswego, NY 13126
:)15/341-4024

MDR 8470215
FY 85 $360,280
(24 months)
FY 87 $142,410

"Increasing the Effectiveness of Biology and
Chemistry Instruction Through Research
Applications"

Previous work by these investigators has indicated that signifi-
cant advances in teaching and learning can he attained by
applying the principles of wait-time feedback and subject-spe-
cific, supportive iiitervention.

The current project will test the significance of two strategies in
achieving. I )increased student involvement. 2) increased inter-
action and improved student attitudes; 3) increased student
achievemen, in biology and chemistry, 4) increased elective
enrollments in science, and 5) enhanced teacher job satisfaction.
The projc Nill also disseminate practices that enhance instruc-
tion and will instruct master teachers and team leaders in more
effective techniques.
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Kenneth J. Travers
Department of Secondary

Education
UNIVERSITY OF ILLINOIS

URBANA
506 South Wright Street
Urbana, IL 61801
217/333-6743

MDR 8530138
FY 85 $84,834
(12 months)

"An Analysis of Classroom Processes Data From
The Second International Mathematics Study"

A unique and highly significant component of the Second Inter-
national Mathematics Study consists of the data on classroom
processes how much mathematics is taught and the ways in
which the teachei deals with that subject matter. To date, only
limited analysis has been carried out on the classroom processes

data that were gathered from national samples of eighth and
twelfth grade classrooms. This information is included in the U.
S. Summary Report, presented at the National Conference on
Teaching and Learning Mathematics, September 1984.

The current project; will analyze these data to explore both how
teachers handle the subject matter of mathematics and what
relations exist between these processes and student outcomes
(achievement and attitudes). Two intensive data analysis and
reporting sessions are planned for the summer and fall of 1985,
culminating in a national conference on the findings to be held in

late November 1985. The proceedings of the conference, which
will include data presentations, findings of analyses, invited
reaction papers, as well as discussions of implications of the
findings for policy and practice, will form the basis of a mono-
graph to be published in the spring of 1986.

Izaak Wirszup
Department of Mathematics
UNIVERSITY OF CHICAGO
:i801 S. Ellis Avenue
Chicago, IL 60637
312/962-7397

MDR 8470424
FY 85 $159,865
(12 months)
FY 86 $172,21,^
FY 87 $191,396

"Survey of Applied Soviet Research in School
Mathematics Education"

Soviet efforts to study the psychological aspects of mathematics
learning have resulted in a large body of outstanding research.
Focuses of Soviet research include principles of conceptualiza-
tion, problem solving, logical reasoning, programmed instruc-
tion, spatial perception, and mathematical abilities. The results
of this extensive research are being employed to advance the
quality of mathematics instruction in the Soviet Union.

The project will make some of the best of this highly original and
previously inaccessible research available to American edu-
cators by publishing adaptations of 40 selected Soviet research
monographs, 25 of which have already been translated under
NSF auspices at the University of Chicago. American experts
are to engaged as volume editors The project will provide
resources that will c.:nrich U S. research and also find immediate
use in instructional development and practice through the Uni-
versity of Chicago School Mathematics Project operating in the
Chicgo public sclools Dissemination of the project's work
will occur through meetings of such professional societies as the
National Council of Teachers of Mathematics and the American
Educational Research Association and through .Titten articles
interpreting implications for research and for classroom instruc-
tion in mathematics in the U.S
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Leigh Burstein
Center for Study of Evaluation
Graduate School of Education
UNIV ..;ifY OF CALIFORNIA
405 Hilgard Avenue
Los Angeles, CA 90024

FY 1986 Awards

MDR 8651603
FY 86 $130,048
(12 mos)
$65,048 (RTL)
$65,000 (SPA)

"Second International Mathematics Study: Student
Growth and Classroom Processes in Lower
Secondary School"

A r' port on the international results from the longitudinal por-
tion of the lEA Second International Mathematics Study (SIMS)
will be prepared by an international team of mathematics edu-
cators and other educational researchers and will appear as
Volume III in a series to be published by Pergamon Press,
London. SIMS is a cross-national study of the content of the
curriculum, what is taught and what is learned in school mathe-
matics at two age/f7ade levels, Grades 8 (Population A) and 12
(Population B), it the United States and several other countries.

This investigation will examine mathematics learning
("growth") during the course of a year of instruction and its
relationship to specific teaching practices and processes in lower

secondary school mathematics classrooms (Population A) in
eight participating countries I Belgium (Flemish), Canada (Brit-
ish Columbia and Ontario), France, Japan, New Zealand,
Thailand, and the United States I. This investigation of student
performance and teaching practices, within a broader socio-
cultural perspective than is possible using only within-country
data, represents a unique opportunity to inform national policies
and practices at a time of concern about the quality of American
mathematics and science education

Seth Chaiklin
Center for Children & Technology
BANK STREET COLLEGE OF

EDUCATION
610 West 112th Street
New York, NY 10025

MDR 8651591
FY 86 $28,954
(12 mos)

"The Psychology of Physics Problein Solving:
Theory and Practice"

The past nine years have yielded a large resea.,:h corpus on the

psychology of physical-science problem solving. Several re-
search approaches have developed analyses of problem solving
in physical science, emphasizing such aspects as qualitative
conceptions and search strategies. It is now appropriate to
evaluate what we have learned and what remains to be done in
developing a coherent theoretical approach that supports phys-
ical science education.
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Funds are being provided fora four-part working conference that

will enable major researchers in the area of physics problem
solving and education to address this problem. The first part will
attempt to confront and coordinate different research ap-
proaches to develop a core model of problem solving by novices
in physics. The second part will develop the educational im-
plications of the core model. The third part will critique the core
model by considering what science educators need from a
theory of problem solving to advance the effectiveness of phys-
ics instruction. In light of the critique, the fourth part will
discuss methodological and conceptual approaches that would
better coordinate psychological theory and educational practice.

The conference is scheduled to meet from July 21-23, 1986.
Working papers prepared beforehand will be used to focus and
initiate discussion. The results of the discussions will be dis-
seminated through an American Educational Research Associa-

tion symposium and three papers for appropriate research and
education journals that summarize the current understanding of
novice physical-science problem solving, the limitations of that
understanding for educational purposes, and directions for fu-
ture research.

Harris M. Cooper
Department of Psychology
UNIVERSITY OF MISSOURI-

COLUMBIA
Columbia, MO 65211
314/882-7888

MDR 8550343
FY 86 $35,311
(18 mos)

"The Effects of Homework on Science and
Mathematics Achievement and Attitudes: An
Integrative Research Review"

The practice of requiring students to carry out academic tasks
during nonschool hours is as old as formal schooling. Assess-
ments of the value of homework, however, have fluctuated own-

time with strong positive opinions prevailing at the turn of this
century and ''.1e early 1960's and negative opinions holding sway
in the 1930's and 1970's. Recently, in response to calls for
higher standards -If excellence in American education, schools
have begun to place increased emphasis on homework as a

means for improving student performance.

Opinions of homework and its utility have never been greatly
influenced by empirical data on the subject. This is due partly to
a general lack of public information on what research says about
homework and partly to the seemingly contradictory findings of
studies.

The purpose of this project is to locate, describe, summarize,
and integrate the empirical research concerning the effects of
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homework on numerous student outcome variables. Outcomes
will include all the dependent measures employed in previous
research, with special attention paid to academic achievement,
attitudes toward school, and study habits. The review will go
beyond previous reviews by ( 1 ) including the most recent re-
search; (2) paying the greatest attention to schooling, home-
work, and research method characteristics that mig:it mediate
the effects of homework; (3) focusing on homework effects on
different subject matters, with special att:ntion paid to science
and mathematics, and (4) employing quantitative synthesis
techniques to estimate the impact of homework and uncover any
subtle homework effects.

Valerie Crane
RESEARCH

COMMUNICATIONS LTD.
824 Boylston Street
Chestnut Hill, MA 02167
617/277-5183

MDR 8559896
FY 86 $125,590
(12 mos)

"An Exploratory Study of 3-2-1 Contact"

This research project will explore a number of factors con-
cerning the children's television series "3-2- I Contact" includ-
ing: (I) awareness of the series on the part of children, parents,
and teachers; (2) perceptions of appeal and comprehensibility of
the program format among both viewers and non-viewers; (3)
the demographics and viewing habits of viewers and teacher
users; (4) reasons for particular modes of viewing and use; and
(5) impacts that result from viewing. A major goal of this
exploratory study is to identify factors that require more de-
tailed, controlled research before their influence can be fully
understood and that offer promise of productive research be-
cause their influence is clearly significant.

The study will focus on 100 children in the 8-12 year age range
(the target audience), 100 viewers in the 4-7 year age. 100
parents of viewers, and 150 teachers of grades 3-6. Two-hour
group sessions will provide study subjects with opportunities to
respond to questions on series awareness. modes of viewing and

using the series, and series impact. Subjects will complete
written questionnaires. view selected program segments from
the series, and then participate in oral interviews.

The expected outcomes of the study are: (I) a description of the
viewing audience; (2) an understanding of patterns of series
viewing at home and use in the schools; (3) the role of parents
and teachers in stimulating children to view the series; (4) a
picture of audience response to program formats and per-
formers, and (5) a measure of program comprehensibility
among different types of viewers. The final outcome will he a
comprehensive research model for additional study of "3 -2 -I
Contact" as a vehicle for science education.

I '9

Elsa Feher
Department of Natural Science
SAN DIEGO STATE

UNIVERSITY
San Diego, CA 92182
619/265-5157

MDR 8652146
FY 86 $59280
(12 mos)

"Investigating Children's Concepts of Light and
Vision in a Science Museum Setting"

This exploratory project will study the intuitive notions of light
and vision that are held by children ages 10-14. A novel feature
of this work is that it takes place in a science museum and uses
interactive exhibits as the tasks that mediate the interviews with
the children. The project is expected to yield results that are
novel and that complement those obtained from work done in
the school setting. The specific aims are: ( 1 ) to expand the
existent empirical data on the explanations given by children by
exploring the subject matter area of optics-shadow-formation,
images and color; (2) to determine the nature of tasks. activities
and experiences that enhance conceptual understanding and aid
the child's development of scientifically valid concepts; (3) to
determine what overall organizing principles are most useful for
the researcher and for the teacher.

The project will begin to explore the practical applications of
this research for (I) exhibit design and, by extenjon. classroom
activities; (2) the use of hands-on museums for exhibit-based
learning and teaching; (3) strategic!. for enharicing concept
acquisition that can he used for curriculum :ievelopment and
teacher education in both formal and informal settings.

Marjorie H Gardner
Lawrence Hall of Science
UNIVERSITY OF CALIFORNIA-

BERK ELELY
Berkeley, CA 94720
415/642-4193

MDR 8550921
FY 86 $52,744
(9 mos)

"Planning Conference: Strengthening the Research
Base for Science Education"

Science education requires a solid research base if long-term
gains in educational quality ale to be achieved and consolidated.
This research base must take account of the content and structure

of subject matter disciplines. the contexts in which science
teaching occurs. and the principles of teaching. learning, and
reasoning in scientific domains that arc emerging in research.

This project will convene a planning conference on research for
science education that will bring together forty leading profes-
sionals who are experts in ( I ) subject matter disciplines of
science, mathematics and wmputer science, (2) the study of
classroom teaching and curriculum development, and (3) the
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study of cognitive processes of learning, reasoning and problem

solving. Conference participants will assess the current state of
knowledge, examine the prospects for advances based on cur-
rently available resources, and identify activities likely to sig-
nificantly increase this knowledge and lead to changes in educa-
tional practices in science education.

Project participants will develop plans for further collaboration
and follow-up activities. In addition, the participants will draw
up a specific set of recommendations and priorities for mathe-
matics. science and technological education. including sugges-
tions concerning the relative n.erits of various research
methodologies.

Conference proceedings will he published and distributed to
3.000 members of professional educational research societies.

universities, research centers. funding agencies and other inter-
ested parties Results of the conference will he discussed in
organized symposia and will be presented at appropriate profes-
sional meetings in 1986.

Thomas L. Good
Douglas Grouws
Center for Research in Social

Behavior
UNIVERSITY OF MISSOURI-

COLUMBIA
Columbia, MO 65211
314/882-7888

MDR 8550619
FY 86 $157,948
(12 mos)
FY 87 $173,349
FY 88 $ 46.577

"Small-Group Instruction in Mathematics:
Naturalistic Research in Teaching and Learning"

This systematic research project of classroom teaching and
learning of mathematics in grades 3 through 6 is intended to : (I)
describe teachers' beliefs about small-group mathematics in-
struction with a particular interest in specifying mathematical
content that is especially appropriate for small-group instruc-
tion: (2) identify instructional strategies teachers use during
small-group instruction: (3) replicate those instructional strat-
egies in different educational contexts: (4) examine small-group
instruction in the areas of problem solving, estimation, and
measurement (making videotapes of these lessons as well as
coding classroom behavior): (5) examine the correlation be-
tween different small-group instructional strategies and stu-
dents' mathematics performance; (6) with the assistance of the
National Advisory Board, develop at least two innovative treat-
ments for improving the effectiveness of small-group mathe-
matics instruction: and (7) disseminate the results of the project
in a monograph discussing research findings andconcepts and in
a videotape(s) that will illustrate effective practices
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Thomas L Hilton
EDUCATIONAL TESTING

SERVICE
Princeton. NJ 08541
609/921-9000 x 5784

"Persistence in Science of
Students"

SPA 8652096
FY 86 $228.313
(18 mos)
$226.000 (RTL)
$ 2.313 (SPA)

High Ability Minority

A study will be conducted by the Educational Testing Service
(ETS) of the educational progress of black, Mexican American.
Puerto Rican. and American Indian students of high ability
(scoring 550 or above on SAT math and scoring in the upper
quartile on achievement measurement in HS & B) who intend to
enroll in college and to major in mathematics, science, or
engineering. Three cohorts will be studied. ( I) the students in
high school and beyond who were high school seniors in 1982
and subsequently were followed up at two-year intervals. (2)
SAT-takers who were high school seniors in 1984. and (3) SAT-
takers who were high school seniors in 1986. All the qualifying
SAT-takers will be surveyed by mail and a randomly selected
subsample of at least 100 in each cohort will be interviewed by
telephone. The combination of cross-sectional and longitudinal
data will permit an analysis of variables related to the progress of
the persisters and non-persisters in each cohort at various time
points. Whether these characteristics are changing will be of
importance.

James Hiebert
Diana C. Wearne
Educational Development
UNIVERSITY OF DELAWARE
Newark, DE 19716
302/451-1655

MDR 8651552
FY 86 $178,226
(36 mos)

"Instruction and Cognitive Change in Mathematics:
Learning Decimal Numbers"

The project examines changes in cognitive processes resulting
from instructional interventions and applies this information in
developing a prototype instructional program. The cognitive
processes of interest are those involved in constructing meaning
for decimal number symbols and using the meaning to solve
decimal number tasks. Previous work suggests that for many
students, the lack of meaning for written symbols is th:. source
of low performance across a range of mathematical tasks. Class-
room instruction designed to promote cognitive processes that
create meanings for symbols is implemented and evaluated in
the context of decimal fractions.

Studcras in grades 4 and f; will be instructed in whole classroom
settings. Written tests and a series of individual interviews will
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provide information on changes in key cognitive processes and
on how such changes are induced by specific instructional
events. The information on cognitive change and instructional
effectiveness, gathered through a sequence of instructional stud-
ies. will be translated into a prototype instructional program or
developing meaning for written symbols in mathematics.

Moving from research to practice. from descriptions of students'
performance to prescriptions of instructional programs, is a
major objective of this program of research. In addition to
providing new knowledge and product outcomes, the project
provides a model, based on chain of inquiry notions. for trans-
lating research into practice.

David Klahr MDR 8554464
Department of Psychology FY 86 $196,359
Warner hall (24 mos)
CARNEGIE MELLON $146,359 (RTL)

UNIVERSITY $ 50.000 (AAT)
Schenley Park FY 88 $ 106.183
Pittsburgh, PA 15213
412/268-3670

"LOGO Debugging Skills: Analysis, Instruction and
Assessment"

This research addresses the question of how an important com-
puter programming skill debugging is acquired by ele-
mentary and middle-school children, and what the cognitive
consequences are of acquiring that skill. One preliminary goal
of the proposed research is the development of a well-specified
and empirically-supported account of what a child has to know
in order to debug a computer program. The proposed work
extends preliminary studies of the debugging skills acquired
during the course of a normal LOGO curriculum, and it provides
for further assessment and elaboration of a computer-simulation
model of the precise components of debugging skill.

The work will have several interacting components. (1) Em-
pirical evaluation of the model based on a study of experienced
programmers debugging processes. (2) Further development of
precise assessment procedures for determining what component
skills a student has acquired. (3) Extending the model to a wider
range of programming contexts. (4) Using the model to guide
specific instructional procedures in teaching debugging skills:
(5) Extending and applying a complete one-semester LOGO
curriculum with an emphasis on instruction in and assessment of
debugging skills; (6) Determining the extent to which debug-
ging skills, once taught. can transfer to near and far tasks: (7)
Construction of' a model-based prototype debugging aid on a
powerful graphics workstation.

Jon D. Miller
NORTHERN ILLINOIS

UNIVERSITY
Public Opinion Laboratory
Dekalb, IL 60115
815/753-0555

MDR 8550085
FY 86 $296,783
(15 mos)
$146,783 (RTL)
$150,000 (SPA)

"A Longitudinal Study of the Development of
Adolescent and Young Adult Attitudes Toward and
Knowledge About Science and Technology"

The middle-school and high-school years are a period of change
and crystalization in terms of life goals. disciplinary and course
preferences. and social and political attitudes. The literature
provides a number of cross-sectional descriptions and models
concerning cognitive and attitudinal development during ado-
lescence and young adulthood. but there are no longitudinal data
available to study these processes.

The proposed longitudinal study will examine the (I) develop-
ment of interest in science and mathematics. (2) the growth of
scientific literacy, (3) the development of attentiveness to sci-
ence and technology issues. and (4) the attraction to careers in
science and engineering among two national cohorts of adoles-
cents and young adults. One cohort will begin with a national
sample of 3,000 7th graders and follow them through the 10th
grade. The second cohort will begin with a national sample of
3.000 10th graders and follow them for the next four years
through the first full year after high school. Data will be col-
lected from students, teachers. counselors, principals: and
parents.

A purposive sample of two or three school districts with exem-
plary elementary school science and mathematics education
programs wail he selected and comparable data will be collected
in these districts.

The analysis will consist of a series of expanding multivariate
developmental models that will seek to understand cognitive
and attitudinal growth and change in the context of family,
school, and peer influences. Each wave of data collection will
provide an opportunity to examine cognitive and attitudinal
change measures in an increasingly rich context of previous
measures. Periodic reports w ill be issued with each cycle of data
collection and the data will be made available to other scholars
on a timely basis.

The first phase of the project. being funded at this time, provides
approximately 15 months for instrument development and pilot
testing. for sample selection, for monitor selection and training.
and for working with the research advisory committee
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Karen A. Schultz
College of Education
Curriculum & Instruction
GEORGIA STATE UNIVERSITY
Atlanta, GA 30303
404/658-4050

Co-PI:

Lynn C. Hart
KENNESAW COLLEGE
Marietta, GA 30061

MDR 8650008
FY 86 $306,548
(36 mos)

"Metacognition, Teachers and Mathematical
Problem Solving"

Some mathematics educators have taken the position that meta-
cognition -knowledge and beliefs about cognitive activity as
well as awareness and control of that knowledge is critical to
mathematical performance and that research in mathematical
problem solving would benefit from exploration of this phe-
nomenon This project is designed (1) to investigate the rela-
tionship between inservice middle school teachers' metacog-
nitive activity and mathematical knowledge and their problem-
solving ability, and (2) to improve teachers' problem-solving
ability through a problem-solving institute focusing on meta-
cognitive knowledge and experience in mathematical problem
solving.

Fifteen middle school teachers enrolled in an institute on prob-
lem solving and thinking will be the st,bjects in the study.
Subjects will be vi(10otaped solving unfar,iliar problems before
small groups of their own students and will be tested for prob-
lem-solving performance before and after the institute. Tech-
niques for recording and analyzing metacognitive activity are
grounded in the work of S,:hoenfeld (1983), and problem-
solving performance will be evaluated using a process/product
scale developed by Lucas et al. (1979) and Schultz (1985).

Sharon L. Senk
Department of Mathematics
200 Carnegie Building
SYRACUSE UNIVERSITY
Syracuse, NY 13244-1150
315/423-3749

MDR 8550211
FY 86 $61,096
(18 mos)

"A Conference on the Van Hiele Model of Geometric
Thought"

In 1957 in the Netherlands, Pierre Marie Van Hiele and his wife
Dina Van Hide-Geldof postulated a model of the development
of geometric thought The model, which posits the existence of
discrete levels of geometric- thinking and phases of instruction
tha' help students progress through the levels, explain' why
many students have difficulty learning geometry. Since 1979
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three major research studies have investigated the validity of the
Van !bele model and its applicabihty to American Schools.

The project will convene 30 people (the principal investigators
and senior personnel from previous Van Hiele-based research
scholars from mathematics education, psychology and com-
puter science, local supervisors, and teacher trainers) for a two
and one half day conference at Syracuse University. The objec-
tives of the conference are (I) to analyze, synthesize, and
evaluate recent research on the Van Hiele model: (2) to examine
alternative models of geometric thinking; (3) to plan ways to
utilize current research results in developing materials for stu-
dents and teachers of geometry, and (4) to outline directions for
future research.

Conference proceedings will be disseminated via a book of
scholarly papers edited by the conference organizer, via journal
articles and other professional publications, and via workshops
and lectures by conference participants at professional
meetings.

Judith Threadgill-Sowder
Department of Mathematics
SAN DIEGO STATE

UNIVERSITY
San Diego, CA 92182
619/265-6191

MDR 8550614
FY 86 $218,711
(14 mos)
FY 87 $164,760

"The National Council of Teachers of Mathematics
Research Agenda Project"

Research efforts in some areas of mathematics education have
developed to a point where consensus is needed to establish a

conceptual framework to guide future inquity. The Research
Advisory Committee of the National Council of Teachers of
Mathematics has identified four such area,. teaching and learn-
ing of middle school number concepts, effective mathematics
teaching, the teaching and learning of algebra, and the teaching
and evaluation of pioblem solving.

The proposed project will establish working groups in these
areas. Each of the four groups will meet for a four day con-
ference to consider the significant issues in the area Each

confc crux will feature presentations by authors of invited pa-
pers. small group discussion sessions, and plenary sessions.
The purposes of these conferences are to synthesize the current
knowledge base in each area; identify significant directions for
future research, and develop collegial research groups. Four
monographs one from each working group conference
will disseminate invited papers; conference proceedings, and
the research agendas established by the conference participants.
A fifth monograph will contain a variety of viewpoints on the
proceedings and resulting agendas through retrospective papers
by members of the project advisory council.
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Harold W. Stevenson
Shin-ying Lee
UNIVERSITY OF MICHIGAN

ANN ARBOR
Center for Human Growth &

Development
300 W. Ingalls Building, 10th

Floor
Ann Arbor, MI 48109
313/764-4484

James W. Stigler
UNIVERSITY OF CHICAGO

BNS 8605588
FY 86 $69,098
(12 mos)
$50,000 (RTL)
$19,098 (SDP)

"Mathematics Achievement: Japanese, Chinese and
American Children"

American students lag behind students of many countries in
their achievement in mathematics. Chinese and Japanese stu-
dents, on the other hand, have obtained scores yielding some of
the highest national averages in a number of cross-national
comparisons involving many countries. This has been found to
be true for first-graders and fifth-graders in previous research by
these inYestigators and for junior- and senior-high students in
studies by other Investigators.

Stevenson and his collegues are now exploring the question of
why young American children perform so poorly. In their recent
research, they have assessed mathematc., achievement of first-
and fifth-graders in Sendai, Japan: Taipei. Inwan: Chicago,
Illinois, and Beijing, China through a group test of calcui _.tion
and 12 individually administered schools in each city were
tested, except for Chicago, where a representative sample of 20
schools was selected. Individual tests were admr istered to 3
boys and 3 girls, randomly selected from each cIa, room. Four
hours of observation of mathematics classes in each classroom
were conducted. Two observers were present each hour, one
writing a running description of the content of the lesson, and
the other following a coding scheme developed for a time-
sampling procedure. Mothers of the subsample of children from
each classroom were interviewed concerning daily activities at
home, and the teachers in each classroom were interviewed
concerning their beliefs and practices concerning mathematics
instruction. A questionnaire was given to the fathers of the
children in the subsample and a brief interview was conducted
with the principal of each school.

This grant pros ides funds for data analysis. Analyses of the data
w ill he directed at the cross national comparison of mathematics
abilities and at the detection of significant correlates of mathe-
matics achievement.
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